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(57) ABSTRACT

A method for manufacturing an electrochemical cell includes
housing a main cell body in an outer packaging body of
packaging material formed by laminating a metal foil layer
and a heat-sealable resin layer, provided the tip ends of a first
metal terminal and a second metal terminal are protruding
outside the outer packaging body, heat-sealing a peripheral
edge portion of the outer packaging body so the outer pack-
aging body has the first and second terminals protruding;
applying a voltage between the first terminal and the foil layer
or between the second terminal and the foil layer; and inspect-
ing for insulation failure from a short circuit between the first
or second terminal and the foil layer or from a crack in the
heat-sealable resin layer, based on a variation of a voltage
held between the one of the metal terminals and the metal foil
layer after halting the voltage.

12 Claims, 9 Drawing Sheets




US 9,076,601 B2

Page 2
(51) Int.CL 6,211,683 B1*  4/2001 WOIE weovovvvrooeeeecreenrrrnn, 324/548
6,392,416 B1* 52002 Keech oovvvoovvveccreerrrrnnnn. 324/438
210051133311//01; (3882'81) 7,042,229 B2*  5/2006 Leeetal. ...oocccoommrrrnnn. 324/551
(2006.01) 7.239.147 B2*  7/2007 Kumeetal. ... 324/430
HOIG 11/14 (2013.01) 7,688,076 B2 3/2010 Aihara et al.
HO01G 11/06 (2013.01) 8,344,554 B2* 1/2013 Hinowetal. .........ccc.... 307/110
8,487,637 B2*  7/2013 Werle etal. .oooccoevunrnnn.. 324/555
HOIG 11/80 (2013.01) 8,502,543 B2* 82013 Steigeretal. ................ 324/537
HOIM 10/48 (2006.01) 2003/0178999 AL* /2003 KIngel ..ooocorovrovrecrecren. 324/522
HOIM 10/04 (2006.01) 2005/0242820 Al* 11/2005 Kume etal. ....ccoovrveennn... 324/426
HOIM 10/0525 (2010.01) 2008/0258737 Al* 10/2008 Aiharaetal. ............. 324/557
(52) US.CL
CPC ... HOIG 11/80 (2013.01); HOIM 10/0525 FOREIGN PATENT DOCUMENTS
(2013.01); HOIM 10/48 (2013.01); YO2E 60/13 CN 101133337 A 2/2008
(2013.01); HOIM 10/04 (2013.01)  pp 2000-195565 A 7/2000
P 2002324572 A 11/2002
(56) References Cited Jp 2004-273216 A 9/2004
P 2005-019241 A 1/2005
U.S. PATENT DOCUMENTS p 2005-235624 A 9/2005
P 2005-251685 A 9/2005
5107447 A *  4/1992 Ozawaetal. .....oo....... 702/58 P 2007-018963 A 1/2007
5214,595 A * 5/1993 Ozawaetal. ............. 702/58 P 2007-257974 A~ 10/2007
5,420,513 A * 5/1995 Kimura ..... ... 324/551 P 2010-80326 A 4/2010
5,563,508 A * 10/1996 Tatah ...... .. 3247702 WO 2004/021498 Al 3/2004
5504348 A * 1/1997 Iijimaetal. .. ... 3247546
5,650,620 A * 7/1997 Janahetal. .. . 250/310 OTHER PUBLICATIONS
. .
780954 A+ 71998 Sisemore 30136 Enelish lnguage absractof JP 2002-3245724.
5,867,029 A *  2/1999 lijima etal. .. .. 324/546 Engl{sh language abstract of JP2010-80326A.
5907,244 A * 5/1999 Crabill etal. ... . 324/546 English language abstract of CN101133337A.
5914,605 A * 6/1999 Bertness ...... .. 324/430
6,078,180 A * 6/2000 JenKinson .................. 324/536 * cited by examiner



U.S. Patent Jul. 7, 2015 Sheet 1 of 9 US 9,076,601 B2
FIG.1A

&2

FIG.1B
21
@‘ gm
- 20
a 10
FIG.1C
10b
N
§j’/
s AY
/
N N
z 30
10
FIG.1D
\\\\\\\\\\\\\\\\\\\\\\\i 2 1

j,_/

o~ T

AMNUMOOMRRARRNNRARNRRNANRNRY

10

/q— D
72, 7777777777777
w T~



U.S. Patent Jul. 7, 2015 Sheet 2 of 9 US 9,076,601 B2

FIG.2

FIG.3

21 21

11 oY //|"‘/ Z /Ii“ 13
_____________________ 12

y 4 y v 4
N
b lmmmmma L - 1
' ' ! 1 11
N 1
'--\ --------------------------
y S S S ST S S 4
Ay
1
N~ < ~ ~~—~
i
r
/
!

20

— —
w N
/
(
Y
v
1 1 ]
Lk
1

1"
/
v
Y
]

"f
/
11
v
1
\%ﬁ\




U.S. Patent Jul. 7, 2015 Sheet 3 of 9 US 9,076,601 B2

FIG.4

/34 . /35
—Ht . H 1
¢ . :
31 + f i icxt 3
33 ; \
3z oy I
7 : f
35
................................................... 1



U.S. Patent Jul. 7, 2015 Sheet 4 of 9 US 9,076,601 B2

ELECTRIC CURRENT | f~"""""""°""¢ E
bt E | l
STEP1 ; CT 3
E I '
1
Pt : 1
FIG.5 |
STEP2 \[ i CT
5 I
1
R ———
ELECTRIC
CURRENT L
STEP3 : C T :

EE EE e e .- —-————-



U.S. Patent Jul. 7, 2015 Sheet 5 of 9 US 9,076,601 B2

FIG.6
VOLTAGE (KV)
A STEP1 STEP2 STEP3
(VAT EEEECEEEREEEREES :
V731 DO A SR N ;
NG
} WAVEFORM
WAVIEIEORME : b 0K
1 + WAVEFORM
TO T1 T2 T3

TIME (MSEC)



U.S. Patent Jul. 7, 2015 Sheet 6 of 9 US 9,076,601 B2

FIG.7A

21

- 21

FIG.7B

//()//
—_—
o
()

L L LML L

\&\\\\\\\\\\\\\\\\\\\

L10

FIG.7C

10e ] —
T

|

\\\\\\\\\\\\\\\\\\\\\

w
(9)]

///%1

D
N
S

P77 7 7777777

10b

FIG.7D

/r——g\\\‘_/10e
N
N
N
e N---
100/\\\\\\\\\\\\\\\\\\\\\\\: 21

10b

N
A ..

10

| D
/7 2////I/_|/////////



U.S. Patent Jul. 7, 2015 Sheet 7 of 9 US 9,076,601 B2

FIG.8

1
36(35—T° L i ( 5

11 A 4 L L z 777
s 13

12%,\ ==

13 ; X / NE

L\
10 \\\1



U.S. Patent Jul. 7, 2015 Sheet 8 of 9

FIG.9

\\\\\\\\\\\\\\\\\\\\\\\\Q

|

N 10e
)
21

j,__/

- 10b

L~

LA

YI7P777777 77777777

AANMANRANANNAANNNNANNNGN

US 9,076,601 B2

0
J;L | INSULATION FAILURE INSPECTING STEP |

FORMATION

J;L | INSULATION FAILURE INSPECTING STEP |

k\\\\\\\\\\\\\\\\\\\\\\\\‘
N

__________________ N
SUNNNUNNNUANNNANNNRNANNNN § 2 1
10c_ N

j_/

]
10b

LT~

L e

1 Od\/‘“\ ARAMRLTARAIRRRRRIRINN

10

J:L |INSULATION FAILURE INSPECTING STEP |

10c_ OOy 21

Z],_/

]
10b

T ~—

AL L

1 0 d ] SNANNANANANNNNNNNNNNNNNNRN

(m@

HEAT-SEALING PORTION BENDING STEP

U

| INSULATION FAILURE INSPECTING STEP |




U.S. Patent Jul. 7, 2015 Sheet 9 of 9 US 9,076,601 B2

FIG.10

110

FIG.11

N e ’:' :I‘// i 113
112% > T}"'}\‘*“} ---------- ‘*\""': %112

Xﬁ IR o 7111

120




US 9,076,601 B2

1
INSULATION FAILURE INSPECTING
APPARATUS, INSULATION FAILURE
INSPECTING METHOD USING SAME, AND
METHOD FOR MANUFACTURING
ELECTROCHEMICAL CELL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. National Phase of International
Application PCT/JP2010/066918, filed Sep. 29, 2010, and
claims foreign priority from Japanese Patent Application
2009-228790, filed Sep. 30, 2009, the entire disclosures of
which applications are hereby incorporated herein by refer-
ence.

TECHNICAL FIELD

The present invention generally relates to an insulation
failure inspecting apparatus, an insulation failure inspecting
method using the same, and a method for manufacturing an
electrochemical cell, and particularly relates to a method for
manufacturing an electrochemical cell, which allows a defec-
tive product having an insulation failure to be rejected accu-
rately and an electrochemical cell that has undergone an
insulation failure inspection to be reused.

BACKGROUND ART

A lithium ion battery is referred to also as a lithium sec-
ondary battery, and examples thereof include a lithium ion
battery that has a liquid-, gel-, or high polymer-type electro-
lyte and uses high polymers as positive electrode and negative
electrode active materials. A lithium ion battery has a con-
figuration including a positive electrode current collecting
material, a positive electrode active material layer, an elec-
trolyte layer, a negative electrode active material layer, a
negative electrode current collecting material, and an outer
packaging body that packages these materials and layers, and
a multilayer film is used as a packaging material for forming
the outer packaging body.

FIG. 10 is a perspective view of a conventional lithium ion
battery, and FIG. 11 is a sectional view of the lithium ion
battery taken on line A-A' in FIG. 10. As shown in FIGS. 10
and 11, a lithium ion battery 101 is configured by hermeti-
cally housing a lithium ion battery main body 120 in an outer
packaging body 110 constituted at least of a base layer 111, a
metal foil layer 112, and a heat-sealable resin layer 113.

The lithium ion battery main body 120 is constituted of a
cell (electricity storage portion) including a positive electrode
composed of a positive electrode active material and a posi-
tive electrode current collector, a negative electrode com-
posed of a negative electrode active material and a negative
electrode current collector, and an electrolyte filled between
the positive electrode and the negative electrode (none of
these is shown in the figures), and a metal terminal 121 that is
connected to each of the positive electrode and the negative
electrode in the cell and whose tip end protrudes to the outside
of the outer packaging body 110.

Inthe manufacturing process of the lithium ion battery 101,
however, there has been the following problem. That is, when
the mutually opposed heat-sealable resin layers 113 of the
outer packaging body 110 are overlaid on each other, and a
peripheral edge portion thereof is heat-sealed so that the
lithium ion battery main body 120 is hermetically housed
therein, the heat-sealable resin layer 113 might be thinned,
due to heat and pressure applied thereto at the time of the
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heat-sealing, to such an extent that a short circuit occurs
between the metal terminal 121 and the metal foil layer 112.
Furthermore, after the heat-sealing, if the outer packaging
body 110 is bent, a crack might occur in the heat-sealable
resin layer 113, through which the electrolyte filled in the
outer packaging body 110 permeates from part of the heat-
sealable resin layer 113 into the metal foil layer 112, leading
to a short circuit, or, even if a short circuit has not yet occurred
between the metal terminal 121 and the metal foil layer 112,
a minute crack might occur in the heat-sealable resin layer
113, which will possibly lead to a short circuit in the future.

Conventionally, as a solution to this problem, from among
completed lithium ion batteries, samples for inspection are
drawn at a predetermined frequency, with respect to each of
which a predetermined high voltage is applied between the
metal terminal 121 and the metal foil layer 112, and among
the samples of the lithium ion battery 101, those in which, as
a result of the voltage application, an insulation breakdown
has occurred in the heat-sealable resin layer 113 are all
removed from the production line as defective products hav-
ing cracks that might lead to a short circuit. This inspecting
method, however, has been disadvantageous in that the
inspection can be performed only with respect to lithium ion
batteries drawn as samples, and in that, due to low accuracy of
the inspection, such a minute crack that it would not lead to a
short circuit can hardly be identified. This inspecting method
has been disadvantageous also in that, as a result of applying
a high voltage, it is highly likely that some samples of the
lithium ion battery 101 that are in fact not defective products
have newly suffered from an insulation breakdown and thus
cannot be reused after the inspection.

Furthermore, Patent Document 1 describes a method in
which plating is performed to deposit metal on a metal foil
layer constituting an outer packaging body, and an insulation-
deteriorated area is determined by checking, by visual obser-
vation or the like, whether or not a metal deposit is formed
thereby. This inspection method described in Patent Docu-
ment 1, however, requires that a lithium ion battery be soaked
in a plating bath and thus has been disadvantageous in that a
lithium ion battery that has undergone the inspection cannot
be reused irrespective of a result of the inspection.

LIST OF CITATIONS
Patent Literature
Patent Document 1: JP-A-2007-257974
SUMMARY OF THE INVENTION
Technical Problem

In view of the above-described problem, it is an object of
the present invention to provide an insulation failure inspect-
ing apparatus, an insulation failure inspecting method using
the same, and a method for manufacturing an electrochemical
cell, which allow a defective product having an insulation
failure to be rejected accurately, and, particularly, a method
for manufacturing an electrochemical cell, which allows an
electrochemical cell that has undergone an insulation failure
inspection to be reused.

Solution to the Problem

In order to achieve the above-described object, the present
invention provides a method for manufacturing an electro-
chemical cell in which an electrochemical cell main body
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including a positive electrode composed of a positive elec-
trode active material and a positive electrode current collec-
tor, a negative electrode composed of a negative electrode
active material and a negative electrode current collector, and
an electrolyte filled between the positive electrode and the
negative electrode is hermetically housed in an outer packag-
ing body formed by sequentially laminating at least a metal
foil layer and a heat-sealable resin layer so that a tip end of a
metal terminal that is connected to each of the positive elec-
trode and the negative electrode protrudes to an outside. The
method includes an insulation failure inspecting step in which
an impulse voltage is applied between the metal terminal and
the metal foil layer, and a waveform of a voltage applied to a
capacitance between the metal terminal and the metal foil
layer is measured.

According to this configuration, utilizing the fact that there
is a predetermined capacitance between the metal terminal
and the metal foil layer, and if there is an insulation failure
between the metal terminal and the metal foil layer, the
capacitance between the metal terminal and the metal foil
layer decreases considerably, an insulation failure between
the metal terminal and the metal foil layer can be detected by
applying a voltage between the metal terminal and the metal
foil layer and by subsequently measuring a waveform of the
voltage applied to the capacitance between the metal terminal
and the metal foil layer. Furthermore, since a voltage is
applied as an impulse voltage, it is not required that the
voltage application between the metal terminal and the metal
foil layer be performed for a long time, and thus a phenom-
enon can be prevented in which the heat-sealable resin layer
partially melts, which leads to an insulation breakdown and
thus to new occurrence of a short circuit. Furthermore, by
measuring a voltage waveform, the occurrence of a crack that
will possibly lead to a short circuit in the future can be
detected based on a slight variation in the voltage waveform.
Thus, the accuracy of an insulation failure inspection can be
increased, and a breakdown of an electrochemical cell in the
insulation failure inspecting step can be avoided.

Furthermore, according to the present invention, in the
above-described method for manufacturing an electrochemi-
cal cell, the insulation failure inspecting step is performed
after the metal terminal is held in a sandwiched manner by the
outer packaging body and a holding portion where the metal
terminal is held is heat-sealed and before the electrolyte is
filled in the outer packaging body.

According to this configuration, even though, in the manu-
facturing process of an electrochemical cell, when the metal
terminal is held in a sandwiched manner by the outer pack-
aging body and a holding portion where the metal terminal is
held is heat-sealed, the heat-sealable resin layer might be
thinned, due to heat and pressure applied thereto by the heat-
sealing, to such an extent that a short circuit occurs between
the metal terminal and the metal foil layer, such a short circuit
and a crack in the vicinity of the metal terminal can be
detected by the above-described insulation failure inspecting
step.

Furthermore, according to the present invention, in the
above-described method for manufacturing an electrochemi-
cal cell, the insulation failure inspecting step is performed
after the electrolyte is filled in the outer packaging body.

According to this configuration, a short circuit and a crack
that might occur in a peripheral edge portion of the outer
packaging body heat-sealed after the electrolyteis filled in the
outer packaging body can be detected by the above-described
insulation failure inspecting step.

Furthermore, according to the present invention, in the
above-described method for manufacturing an electrochemi-
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cal cell, the insulation failure inspecting step is performed by
measuring a value of a hold voltage held by the capacitance
between the metal terminal and the metal foil layer immedi-
ately after the voltage application is halted and a value of the
hold voltage held by the capacitance between the metal ter-
minal and the metal foil layer after a lapse of a predetermined
time from the halt of the voltage application.

According to this configuration, immediately after the
application of an impulse voltage, electric charge is charged
up in the capacitance between the metal terminal and the
metal foil layer, and a hold voltage held by this capacitance
thus reaches amaximum value. If there is an insulation failure
between the metal terminal and the metal foil layer, however,
the voltage does not rise to a value in the vicinity of a desired
maximum value. Furthermore, if there is no insulation failure,
avoltage applied to the capacitance between the metal termi-
nal and the metal foil layer decreases slowly, whereas if there
is an insulation failure, electric charge cannot be held, and
thus the voltage decreases abruptly. Thus, by measuring a
value of a hold voltage immediately after voltage application
is halted and a value of the hold voltage after a lapse of a
predetermined time from immediately after the halt of the
voltage application, an insulation failure can be detected
accurately.

Furthermore, according to the present invention, in the
above-described method for manufacturing an electrochemi-
cal cell, a voltage of 10V or lower is used as a voltage to be
applied between the metal terminal and the metal foil layer.

According to this configuration, even though the metal
terminal connected to the electrochemical cell main body
hermetically housed in the outer packaging body is insulated
from the metal foil layer of the outer packaging body by the
heat-sealable resin layer that is an innermost layer of the outer
packaging body, and applying a high voltage between the
metal terminal and the metal foil layer might cause the heat-
sealable resin layer to melt to bring the electrolyte filled in the
outer packaging body into conduction with the metal foil
layer, leading to the occurrence of an insulation breakdown,
by using a voltage of 10 V or lower as an impulse voltage to
be applied in the insulation failure inspecting step, new occur-
rence of an insulation breakdown can be prevented.

Furthermore, according to the present invention, in the
above-described method for manufacturing an electrochemi-
cal cell, in a heat-sealing step in which a peripheral edge
portion of the outer packaging body is heat-sealed so that the
mutually opposed heat-sealable resin layers are bonded to
each other, a margin region not to be heat-sealed is left
unsealed on an outer peripheral side relative to a heat-sealing
region, and in the insulation failure inspecting step, an
impulse voltage is applied between a portion of the metal foil
layer lying in the margin region and the metal terminal.

According to this configuration, the margin region is
formed on the outer peripheral side relative to the heat-sealing
region, and a connection terminal is connected to a portion of
the metal foil layer lying in the margin region, and thus even
if a flaw is generated on the surface of the outer packaging
body in an area lying in the margin region, such a flaw on the
surface of the outer packaging body can be removed by cut-
ting away the margin region after the insulation failure
inspecting step.

Furthermore, the present invention also provides an insu-
lation failure inspecting apparatus including: a voltage gen-
eration unit that applies an impulse voltage to a subject of
measurement; and a voltage measurement unit that measures
a variation with time of a voltage held by the subject of
measurement.
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According to this configuration, by measuring a variation
in voltage held by a subject of measurement after the appli-
cation of an impulse voltage to the subject of measurement, it
can be detected accurately whether or not the subject of
measurement has an insulation failure.

Furthermore, according to the present invention, in the
insulation failure inspecting apparatus configured as above,
the voltage generation unit applies a voltage of 10V or lower.

According to this configuration, by using a voltage of 10V
or lower as an voltage to be applied, it is possible to prevent
melting of the heat-sealable resin layer and thus to prevent an
insulation failure from occurring in an electrochemical cell in
an insulation failure inspecting step.

Furthermore, according to the present invention, in the
insulation failure inspecting apparatus configured as above, a
connection terminal that connects the insulation failure
inspecting apparatus to a subject of measurement has a hold-
ing portion for holding the subject of measurement in a sand-
wiching manner, and the holding portion has a sharp-shaped
portion that bites into the subject of measurement through a
base layer formed on a surface of the subject of measurement.

According to this configuration, by holding, in a sandwich-
ing manner, an outer packaging body having the base layer as
its outermost layer with the holding portion, the sharp-shaped
portion is made to bite into a metal foil layer through the base
layer, and thus a voltage can be applied easily from the con-
nection terminal to the metal foil layer.

Furthermore, the present invention also provides an insu-
lation failure inspecting method using the insulation failure
inspecting apparatus configured as above. In the insulation
failure inspecting method, with respect to an electrochemical
cell in which an electrochemical cell main body including a
positive electrode composed of a positive electrode active
material and a positive electrode current collector, a negative
electrode composed of a negative electrode active material
and a negative electrode current collector, and an electrolyte
filled between the positive electrode and the negative elec-
trode is hermetically housed in an outer packaging body
formed by sequentially laminating at least a metal foil layer
and a heat-sealable resin layer so that a tip end of a metal
terminal that is connected to each of the positive electrode and
the negative electrode protrudes to an outside, an impulse
voltage is applied between the metal terminal and the metal
foil layer, and a value of a hold voltage held by a capacitance
between the metal terminal and the metal foil layer immedi-
ately after the voltage application is halted and a value of the
hold voltage held by the capacitance between the metal ter-
minal and the metal foil layer after a lapse of a predetermined
time from the halt of the voltage application are measured.

According to this configuration, it is possible to provide an
insulation failure inspecting method that allows an electro-
chemical cell as a subject of measurement that has undergone
an inspection to be reused while preventing new occurrence
of an insulation failure in the electrochemical cell, which is
attributable to the application of an impulse voltage.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a plan view schematically showing a step of a
manufacturing process of a lithium ion battery of the present
invention.

FIG. 1B is a plan view schematically showing a step of the
manufacturing process of a lithium ion battery of the present
invention.

FIG. 1C is a plan view schematically showing a step of the
manufacturing process of a lithium ion battery of the present
invention.
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FIG. 1D is a plan view schematically showing a step of'the
manufacturing process of a lithium ion battery of the present
invention.

FIG. 2 is a perspective view of a lithium ion battery accord-
ing to the present invention.

FIG. 3 is a sectional view of the lithium ion battery taken on
line B-B'in FIG. 2.

FIG. 4 is a diagram schematically showing a configuration
of an insulation failure inspecting apparatus used in an insu-
lation failure inspecting step of the present invention.

FIG. 5 is a diagram for explaining an operation of the
insulation failure inspecting apparatus.

FIG. 6 is a diagram showing one example of voltage wave-
forms measured in the insulation failure inspecting step.

FIG. 7A is a plan view schematically showing a step of a
manufacturing process of a lithium ion battery of the present
invention.

FIG. 7B is a plan view schematically showing a step of the
manufacturing process of a lithium ion battery of the present
invention.

FIG. 7C is a plan view schematically showing a step of the
manufacturing process of a lithium ion battery of the present
invention.

FIG. 7D is a plan view schematically showing a step of'the
manufacturing process of a lithium ion battery of the present
invention.

FIG. 8 is a sectional view of a lithium ion battery in an
insulation failure inspecting step shown in FIG. 7C.

FIG. 9 is a plan view schematically showing a modification
example of the manufacturing process of a lithium ion battery
of the present invention.

FIG. 10 is a perspective view of a conventional lithium ion
battery.

FIG. 11 is a sectional view of the lithium ion battery taken
on line A-A' in FIG. 10.

DESCRIPTION OF EMBODIMENTS

The present invention provides a method for manufactur-
ing an electrochemical cell, which allows a defective electro-
chemical cell having an insulation failure to be rejected and
an electrochemical cell that has undergone an insulation fail-
ure inspection to be reused. With reference to the appended
drawings and so on, the following describes in greater detail
one embodiment of the method for manufacturing an electro-
chemical cell of the present invention. In the following, how-
ever, descriptions of components common to those in FIGS.
10 and 11 showing the conventional example are omitted.

FIGS. 1A to 1D are plan views schematically showing a
manufacturing process of alithium ion battery of this embodi-
ment, FIG. 2 is a perspective view of a lithium ion battery, and
FIG. 3 is a sectional view of the lithium ion battery taken on
line B-B' in FIG. 2. A lithium ion battery 1 represents one
example of the “electrochemical cell” of the present inven-
tion. In the manufacturing process of the lithium ion battery 1
of this embodiment, first, as shown in FIG. 1A, a packaging
material cut out from a film is press-molded to form an outer
packaging body 10 in which a housing space 10a for housing
a lithium ion battery main body 20 is secured. Next, as shown
in FIG. 1B, the outer packaging body 10 is folded in two and
closed in that state, with the lithium ion battery main body 20
housed in the housing space 10a. At this time, as shown in
FIG. 1C, a metal terminal 21 is held in a sandwiched manner
by the folded outer packaging body 10 so that it protrudes to
the outside, and a metal terminal holding portion 1054 is heat-
sealed. Then, by an insulation failure inspecting apparatus 30,
an impulse voltage is applied between the metal terminal 21
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(negative electrode) and a metal foil layer 12 constituting the
outer packaging body 10 (a portion of the metal foil layer 12
lying over a region of the metal terminal holding portion 105
in which the metal terminal 21 is held in a sandwiched man-
ner), and a waveform of the applied voltage is measured by
the insulation failure inspecting apparatus 30, which is how a
first insulation failure inspection in the metal terminal hold-
ing portion 105 is performed. Next, as shown in FIG. 1D, an
electrolyte is filled in the outer packaging body 10, and all
sides of the outer packaging body 10 in the folded state other
than the metal terminal holding portion 105 are heat-sealed so
that the lithium ion battery main body 20 is hermetically
sealed in the outer packaging body 10, and thus the lithium
ion battery 1 is completed. Then, lastly, by the insulation
failure inspecting apparatus 30, an impulse voltage is applied
between the metal terminal 21 (negative electrode) and the
metal foil layer 12, and a waveform of the applied voltage is
measured by the insulation failure inspecting apparatus 30,
which is how a second insulation failure inspection is per-
formed.

In this case, in the first insulation failure inspecting step,
the electrolyte has not yet been filled between the metal
terminal 21 and the metal foil layer 12, and a capacitance
between the metal terminal 21 and the metal foil layer 12,
therefore, is small. Based on this, it is preferable to use a high
voltage as an impulse voltage to be applied in the first insu-
lation failure inspecting step, and to be more specific, an
insulation failure can be detected by applying a voltage of
about 1000V for 90 milliseconds. Since a voltage is applied
as an impulse voltage, it is not required that the voltage
application between the metal terminal 21 and the metal foil
layer 12 be performed for a long time. This can prevent a
phenomenon in which a heat-sealable resin layer 13 partially
melts, which leads to an insulation breakdown and thus to
new occurrence of a short circuit. Furthermore, in the second
insulation failure inspecting step, the electrolyte has been
filled between the metal terminal 21 and the metal foil layer
12, and a capacitance between the metal terminal 21 and the
metal foil layer 12, therefore, is large. Based on this, it is
possible to use a low voltage as an impulse voltage to be
applied in the second insulation failure inspecting step, and to
be more specific, an insulation failure can be detected by
applying a voltage of about 10 V for 90 milliseconds. At this
time, a waveform of the voltage applied to the capacitance
between the metal terminal 21 and the metal foil layer 12 is
measured, and thus an insulation failure can be detected based
on a slight variation in the voltage waveform. This allows an
insulation failure inspection to be performed by using a low
impulse voltage and thus can avoid a breakdown of the elec-
trochemical cell 1 in an insulation failure inspecting step.

Next, the following describes in greater detail the first and
second insulation failure inspecting steps. FIG. 4 is a diagram
schematically showing a configuration of an insulation fail-
ure inspecting apparatus used in an insulation failure inspect-
ing step, FIG. 5 is a diagram for explaining an operation of the
insulation failure inspecting apparatus, and FIG. 6 is a dia-
gram showing one example of voltage waveforms measured
in the insulation failure inspecting step. The insulation failure
inspecting apparatus 30 includes a voltage generation unit 31
and a voltage measurement unit 32 that can measure a wave-
form of a voltage applied to a capacitance of a subject of
measurement. Furthermore, the lithium ion battery 1 as the
subject of measurement has a capacitance C between the
metal terminal 21 and the metal foil layer 12. By this con-
figuration, at STEP 1 (T0 to T1), when an impulse voltage is
applied between the metal terminal 21 and the metal foil layer
12 from the voltage generation unit 31, electric charge is
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charged in the capacitance C, so that a voltage rises in a
predetermined waveform. This voltage waveform is observed
in the voltage measurement unit 32. Subsequently, at STEP 2
(T1 to T2), after the voltage application is halted, the voltage
charged in the capacitance C drops gradually, and at STEP 3
(T2 to T3), is completely discharged via a resistance R.
Assuming that a waveform obtained in this case is referred to
as an OK waveform, compared therewith, in a case where a
short circuit has occurred between the metal terminal 21 and
the metal foil layer 12, at STEP 1, a voltage drops abruptly
without rising in a predetermined waveform (NG waveform
1). Furthermore, in a case where an insulation breakdown has
occurred after the application of an impulse voltage, at STEP
2, a voltage drops abruptly (NG waveform 2).

As discussed above, in the insulation failure inspecting
step of this embodiment, by using a capacitance provided
between the metal terminal 21 and the metal foil layer 12, a
variation in waveform of a voltage applied to the capacitance
is observed, and thus not only a case where the lithium ion
battery 1 has already suffered from a short circuit in the
manufacturing process but also a case where the lithium ion
battery 1 has a crack that will possibly lead to a short circuit
in the future can be detected accurately.

Next, the following describes the insulation failure inspect-
ing apparatus 30. The insulation failure inspecting apparatus
30 has the voltage generation unit 31 and the voltage mea-
surement unit 32. In the voltage generation unit 31, an
impulse voltage is applied between the metal terminal 21 and
the metal foil layer 12 of the lithium ion battery 1 that is the
subject of measurement via a connection terminal 35, and by
the voltage measurement unit 32, a variation with time of a
voltage held in a capacitance of the lithium ion battery 1 is
measured. To be more specific, as shown in FIG. 4, the
impulse voltage supplies a predetermined level of electric
current to a coil 33, and then the supply is halted, so that a
predetermined voltage is induced in the coil 33. This voltage
acts as an impulse voltage, causing an electric current [ to be
applied between the metal terminal 21 and the metal foil layer
12 via a diode 34 and the connection terminal 35, and thus
electric charge is charged up in the capacitance C of the
lithium ion battery 1. At this time, in a case where the lithium
ion battery 1 is in a normal state without an insulation failure,
the maximum value of a hold voltage being charged up attains
a given value (see the OK waveform shown in FIG. 6),
whereas in a case where the lithium ion battery 1 has an
insulation failure, the hold voltage being charged up does not
rise to a desired maximum value.

Furthermore, at timing T1 at which the hold voltage
charged up in the lithium ion battery 1 in the normal state
reaches a maximum value V1, the voltage measurement unit
32 reads a value of the hold voltage of the lithium ion battery
1, and at timing T2 after a lapse of a predetermined time from
the timing T1, it again reads a value ofthe hold voltage. In this
case, however, if there is no insulation failure, the hold volt-
age held in the capacitance of the lithium ion battery 1
decreases slowly, whereas if there is an insulation failure,
electric charge cannot be held, and thus the hold voltage
decreases abruptly (see the NG waveform 2 shown in FIG. 6).
As described above, the voltage measurement unit 32 reads
hold voltages V1 and V2 of the lithium ion battery 1 at the
timing T1 at which the hold voltage reaches a maximum value
and at the timing T2 after the lapse of a predetermined time
therefrom, and thus, based on the hold voltages V1 and V2
read at the timings T1 and T2, respectively, the lithium ion
battery 1 can be evaluated for an insulation failure.

That is, in a case where the lithium ion battery 1 has an
insulation failure, the voltage V1 at the timing T1 does notrise
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to a value in the vicinity of a desired maximum value, or the
voltage V2 at the timing T2 drops significantly. The lithium
ion battery 1 has an extremely small capacitance between the
metal terminal 21 and the metal foil layer 12, and as shown in
FIG. 3, the metal terminal 21 connected to the electrolyte and
to the battery cell is insulated from the metal foil layer 12 only
by the heat-sealable resin layer 13. As a material of the heat-
sealable resin layer 13, for example, polypropylene is used
favorably, and the heat-sealable resin layer 13 has a thickness
of 10 um to 100 um. Hence, there is a possibility that applying
a high voltage between the metal terminal 21 and the metal
foil layer 12 easily causes the heat-sealable resin layer 13 to
melt, leading to new occurrence of an insulation failure. Thus,
it is preferable to use a voltage of 10V or lower as a voltage
to be applied. Also in a case where an acid-denatured poly-
olefin resin layer is interposed between the metal foil layer 12
and the heat-sealable resin layer 13, it is preferable to use a
voltage of 10V or lower as a voltage to be applied.

Next, the following describes a modification example of
the manufacturing process of a lithium ion battery of this
embodiment. FIGS. 7A to 7D are plan views schematically
showing a manufacturing process of a lithium ion battery
according to this modification example. In the manufacturing
process of the lithium ion battery 1 of this embodiment, first,
as shown in FIG. 7A, a film is cut into an oversized piece that
is then press-molded to form an outer packaging body 10
having a margin region 10e. The outer packaging body 10
thus obtained is folded in two, and the lithium ion battery
main body 20 is housed in the housing space 10a. Then, as
shown in FIG. 7B, two sides of the outer packaging body 10
in the folded state including the metal terminal holding por-
tion 105 are heat-sealed, and an opening portion is provided
on the side of the margin region 10e, after which the electro-
lyte s filled in the outer packaging body 10. Next, as shown in
FIG. 7C, while the margin region 10e is left unsealed on the
outer peripheral side, the opening portion of the outer pack-
aging body 10 is heat-sealed to form the heat-sealing portion
10c so that the lithium ion battery main body 20 is hermeti-
cally sealed together with the electrolyte in the outer packag-
ing body 10. Next, with one connection terminal 35 of the
insulation failure inspecting apparatus 30 made to bite into a
portion of the metal foil layer 12 lying in the margin region
10e and the other connection terminal 35 connected to the
metal terminal 21 (negative electrode), an insulation failure
inspection is performed, after which, as shown in FIG. 7D, the
margin region 10e is separated by cutting away the outer
peripheral side of the outer packaging body 10 relative to the
heat-sealing portion 10c, and thus the lithium ion battery 1 is
completed.

FIG. 8 is a sectional view of the lithium ion battery in the
insulation failure inspecting step shown in FIG. 7C. As shown
in FIG. 8, although the margin region 10e is formed on the
outer peripheral side relative to the heat-sealing portion 10c,
the portion of the metal foil layer 12 is in conduction with a
portion of the metal foil layer 12 lying on the inner peripheral
side relative to the heat-sealing portion 10¢, and thus an
impulse voltage applied from the one connection terminal 35
in the margin region 10e is charged in a capacitance between
the portion of the metal foil layer 12 lying on the inner
peripheral side relative to the heat-sealing portion 10¢ and the
metal terminal 21. Furthermore, the connection terminal 35
has holding portions 36 for holding a subject of measurement
in a sandwiching manner, and the holding portions 36 have a
sharp-shaped portion 36a that bites into the subject of mea-
surement through a base layer 11 formed on the surface of the
subject of measurement. As described above, the connection
terminal 35 holds the outer packaging body 10 in a sandwich-

20

30

40

45

10

ing manner with the holding portions 36, with the sharp-
shaped portion 36a made to bite into the metal foil layer 12,
and thus connection between the connection terminal 35 and
the metal foil layer 12 can be established easily. At this time,
the base layer 11 is partially damaged by the sharp-shaped
portion 364, so that a flaw is generated on the surface of the
outer packaging body 10. This damage to the base layer 11,
however, does not remain in the lithium ion battery 1 as a
completed product since the margin region 10e is removed
after the inspection. The connection terminal 35 is not limited
to the configuration in which two holding portions 36 are used
to hold the outer packaging body 10 in a sandwiching manner
and may have a configuration in which only the holding
portion 36 having the sharp-shaped portion 36a is used and
pressed against the outer packaging body 10 so that the sharp-
shaped portion 36a is brought into conduction with the metal
foil layer 12.

Furthermore, the method for manufacturing a lithium ion
battery is not limited to the above-described manufacturing
processes, and the following process can also be adopted.
That is, as shown in FIG. 9, first, the electrolyte is filled in the
outer packaging body 10, after which an opening portion
provided on the outer peripheral side relative to the margin
region 10e is heat-sealed. Then, an insulation failure inspect-
ing step is performed, followed by formation (conditions for
the formation: 60° C., 5 hours), after which the insulation
failure inspecting step is performed again. Next, the heat-
sealing portion 10¢ on the inner peripheral side relative to the
margin region 10e is heat-sealed, and the insulation failure
inspecting step is performed, after which the margin region
10c is separated, and thus the lithium ion battery 1 is com-
pleted. Furthermore, the heat-sealing portions 10¢ and 104 of
the completed lithium ion battery 1 might be bent at a time the
lithium ion battery 1 is housed in a housing case, and, there-
fore, in view of a possibility of a crack occurring in the
heat-sealable resin layer 13 due to such bending of the heat-
sealing portions 10c¢ and 104, an insulation failure inspection
may be performed as a final step after the step of bending the
heat-sealing portions 10c¢ and 10d. As discussed above, in
each of the manufacturing processes of a lithium ion battery,
the insulation failure inspecting step can be performed after
each one of steps that might lead to the occurrence of an
insulation failure, such as the heat-sealing steps or the step of
bending the heat-sealing portions, is performed, and a manu-
facturing process of a lithium ion battery in which an insula-
tion failure inspecting step is performed at least once falls
within the technical field of the present invention. In the
insulation failure inspecting step, it is preferable that, after the
electrolyte is filled in the outer packaging body, an impulse
voltage of 10V or lower be applied between the metal termi-
nal 21 and the metal foil layer 12, and it is preferable that,
before the electrolyte is filled in the outer packaging body, an
impulse voltage of 1000 V or lower be applied between the
metal terminal 21 and the metal foil layer 12. Furthermore, it
is preferable that, in the insulation failure inspecting step
performed before the electrolyte is filled in the outer packag-
ing body, one connection terminal 35 be connected to a por-
tion of the metal foil layer 12 lying over a region in which the
metal terminal 21 is held in a sandwiched manner.

EXAMPLE

Next, the following specifically describes the action and
effects of the present invention by way of an example. This
example is to make an evaluation regarding an insulation
failure that newly occurs when an impulse voltage is applied
to a lithium ion battery.
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[Manufacturing of Outer Packaging Body]

On the upper surface of aluminum foil (thickness: 40 pm)
on which a stretched nylon film (thickness: 25 pm) acting as
a base layer is not laminated, acid-denatured polypropylene
(thickness: 20 pm) was melt-extruded, and polypropylene
(thickness: 15 um) was laminated thereon, whereby an outer
packaging body composed of the stretched nylon film, alu-
minum foil, acid-denatured polypropylene, and polypropy-
lene was obtained

Next, the above-described outer packaging body was cut
into a sheet piece having a size of 60 mm (MD direction
(machine direction)) by 60 mm (TD direction (transverse
direction)), which was then folded in two in the MD direction,
and opposed two sides of the folded sheet piece were heat-
sealed so that a pouch-type outer packaging body having an
opening at one side thereof was formed. Then, a lithium ion
battery main body including a cell was sealed therein so that
ametal terminal extended out to the outside from the open one
side, after which an electrolyte was injected and the opening
portion was hermetically sealed over a width of 3 mm while
the metal terminal was held in a sandwiched manner, and thus
a lithium ion battery was manufactured. In this case, heat-
sealing was performed under conditions of a surface pressure
of 2.0 MPa, a sealing temperature of 170° C., and a sealing
time of 5.0 seconds.

Next, an insulation failure inspection was performed in
which 100 samples of the above-described lithium ion battery
were prepared, and a voltage of 10 V was applied as an
impulse voltage between a negative electrode terminal and
aluminum foil of each of the samples for 90 milliseconds.
Similarly, for each of cases of using, as an impulse voltage, a
voltage of 300 V and a voltage of 500V, an insulation failure
inspection was performed with respect to 100 lithium ion
batteries as samples. After that, with respect to these 300
lithium ion batteries that have undergone the insulation fail-
ure inspections, once again, another insulation failure inspec-
tion was performed by applying a voltage of 10 V as an
impulse voltage. In this manner, an evaluation was made
regarding a frequency of the occurrence of an insulation fail-
ure in the insulation failure inspecting step that was per-
formed first, and results of the evaluation are shown in Table
1.

TABLE 1
Applied Voltage (V) Evaluation
10V Good
300V Fair
500V Poor

As shown in Table 1, in the case of applying a voltage of
500 V, an insulation failure was detected in 10% of the
samples as a whole (Poor), and in the case of applying a
voltage of 300V, an insulation failure was detected in 3% of
the samples as a whole (Fair), whereas in the case of applying
a voltage of 10 V, no insulation failure was detected (Good).
These results confirm that, by using a voltage of about 10V as
an impulse voltage to be applied in an insulation failure
inspection, new occurrence of an insulation breakdown in the
failure inspecting step can be prevented.

The present invention is not limited to the foregoing
embodiments and may be variously modified. Any embodi-
ment obtained by appropriately combining the technical fea-
tures disclosed in the different embodiments, respectively, is
also encompassed within the technical scope of the present
invention. For example, the method for manufacturing an
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electrochemical cell, the insulation failure inspecting
method, and the insulation failure inspecting apparatus of
each of the embodiments of the present invention may be
applied to, in addition to a lithium ion battery, an electro-
chemical cell in which an electrochemical cell main body
such as a capacitor or an electric double layer capacitor is
housed in an outer packaging body.

LIST OF REFERENCE SYMBOLS

1 lithium ion battery

10 outer packaging body

10a housing space

105 metal terminal holding portion

11 base layer

12 metal foil layer

13 heat-sealable resin layer

20 lithium ion battery main body

21 metal terminal

30 insulation failure inspecting apparatus

31 voltage generation unit

32 voltage measurement unit

33 coil

34 diode

35 connection terminal

36 holding portion

36a sharp-shaped portion

The invention claimed is:

1. A method for manufacturing an electrochemical cell,
wherein the electrochemical cell comprises:

an electrochemical cell main body including:

a positive electrode that is composed of a positive elec-
trode active material and a positive electrode current
collector provided with a first metal terminal at an end
portion thereof;

anegative electrode that is composed of a negative elec-
trode active material and a negative electrode current
collector provided with a second metal terminal at an
end portion thereof; and

an electrolyte filled between the positive electrode and
the negative electrode; and

an outer packaging body made of a packaging material
formed by sequentially laminating at least a metal foil
layer and a heat-sealable resin layer, and wherein

the method comprises:

housing the electrochemical cell main body in the outer
packaging body so that tip ends of the first and second
metal terminals protrude outside of the outer packag-
ing body;

heat-sealing a peripheral edge portion of the outer pack-
aging body, the outer packaging body having the first
and second metal terminals protruding;

subsequently applying a voltage between the first metal
terminal and the metal foil layer or between the sec-
ond metal terminal and the metal foil layer; and

performing an inspection as to whether or not there is an
insulation failure due to a short circuit between the
first or second metal terminal and the metal foil layer
or due to a crack in the heat-sealable resin layer, based
on a variation of a voltage held between the one of the
metal terminals and the metal foil layer after the volt-
age application is halted.
2. The method for manufacturing an electrochemical cell
according to claim 1, wherein
avoltage of 10V or lower is used as a voltage to be applied
between the first or second the metal terminal and the
metal foil layer.
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3. The method for manufacturing an electrochemical cell
according to claim 1, wherein
a voltage is applied between the first or second metal ter-
minal and the metal foil layer in a margin region notto be
heat-sealed provided at part of the peripheral edge por-
tion of the outer packaging body.
4. The method for manufacturing an electrochemical cell
according to claim 2, wherein
a voltage is applied between the first or second metal ter-
minal and the metal foil layer lying in a margin region
not to be heat-sealed provided at part of the peripheral
edge portion of the outer packaging body.
5. The method for manufacturing an electrochemical cell
according to claim 1, wherein
performing the inspection as to whether or not there is an
insulation failure is before filling the electrolyte in the
outer packaging body.
6. The method for manufacturing an electrochemical cell
according to claim 2, wherein
performing the inspection as to whether or not there is an
insulation failure is before filling the electrolyte in the
outer packaging body.
7. The method for manufacturing an electrochemical cell
according to claim 3, wherein
performing the inspection as to whether or not there is an
insulation failure is before filling the electrolyte in the
outer packaging body.
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8. The method for manufacturing an electrochemical cell
according to claim 4, wherein
performing the inspection as to whether or not there is an
insulation failure is before filling the electrolyte in the
outer packaging body.
9. The method for manufacturing an electrochemical cell
according to claim 1, wherein
performing the inspection as to whether or not there is an
insulation failure is after the electrolyte is filled in the
outer packaging body.
10. The method for manufacturing an electrochemical cell
according to claim 2, wherein
performing the inspection as to whether or not there is an
insulation failure is after the electrolyte is filled in the
outer packaging body.
11. The method for manufacturing an electrochemical cell
according to claim 3, wherein
performing the inspection as to whether or not there is an
insulation failure is after the electrolyte is filled in the
outer packaging body.
12. The method for manufacturing an electrochemical cell
according to claim 4, wherein
performing the inspection as to whether or not there is an
insulation failure is after the electrolyte is filled in the
outer packaging body.
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